Summary. The spontaneously autoimmune mouse strains NZB, NZB x NZW, MRL and BXSB have been examined for signs of autoimmune reactions against islet cells. Between 15 and 55 animals of each strain were tested. Infiltrates of lymphocytes and fibroblasts into pancreatic islets were found in more than 80% of NZB mice, in about 50% of MRL and NZB x NZW mice, and in less than 20% of BXSB mice. Infiltrates were not found in the exocrine portion of pancrea. All NZB mice had abnormal glucose tolerance. In the three other strains between 20 and 50% of animals had abnormal glucose tolerance. All mice had fasting normoglycaemia. The lesions in NZB mice were studied in more detail. It was found by ultrastructural analysis that in young mice pancreatic infiltrates consisted of lymphocytes and fibroblasts. Single lymphocytes were also seen outside the main infiltration area. After 2 to 5 months of age another type of infiltrate, consisting of lymphocytes and macrophages was observed. B-cell destruction by lymphocytes was apparent in both young and adult NZB mice. It is concluded that cellular autoimmune reactions against pancreatic islets may occur spontaneously as a consequence of immunological disorders in NZB, NZB x NZW and MRL mice.
The aetiology of insulin dependent diabetes has been studied in recent years with the help of experimental animal models using chemicals or viruses as diabetogenic agents [1] [2] [3] . More recently, a strain of rats spontaneously developing insulin-dependent diabetes has been described [4] .
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We have studied the possible existence of mouse strains spontaneously developing signs of autoimmune reactions against pancreatic islets. For this purpose 4 mouse strains with immunological disorders leading to lupus-like ~/utoimmune diseases have been investigated. The strains NZB and NZB x NZW have been used for many years as a model for generalized human autoimmune disease [5] . The strains MRL and BXSB [6] have been discovered recently. Mice of the latter strains are also characterized by lymphoproliferative disorders and a lupuslike autoimmune disease [6] .
Materials and Methods

Mouse Strains
NZB/CrBomf mice of 2-10 weeks of age, NZB x NZW/Bomf mice of 6-10 weeks of age and BALB/c/A/Bom mice of 8 weeks of age were purchased. (G1. Bomholtgard Ltd., Ry, Danmark). NZB/BINJ, MRL/Mp-lpr/lpr (H-2 u) and BXSB (H-2 k) mice were bought (Jackson Laboratories, Bar Harbor, Maine, U.S.A.) at 8-16 weeks of age. Mice received food and water ad libitum. All animals appeared to be healthy and of normal weight. None of them died spontaneously during the course of experiments.
Histology
Animals were exsanguinated after pentobarbitose anaesthesia (250 mg/kg body weight) and the pancreas removed. Fixation of pancrea was in Bouin solution and the tissue embedded in paraffin. Sections (5 Ixm) covering the head and tail of the organ were stained with hematoxylin-eosin, PAS and Giemsa for routine investigation. Of each pancreas at least 10 islets selected at random from all regions of the pancreas were analysed. Pieces of liver, heart, kidney and lungs were fixed in formalin, embedded in paraffin, and stained with hematoxylin-eosin.
For electron microscopy pancrea were cut into small cubes, fixed for 1 h in a solution containing 0.1 mol/1 cacodylate-HCL buffer, 0.15 tool/1 sucrose and 1.25 g/100 ml glutaraldehyde. Speci- men were postfixed in the same solution containing 1.0 g/100 ml OsO4 instead of glutaraldehyde. The cubes were dehydrated with ethanol and embedded in resin. For the rapid localization of islets 1.5 ~m sections were examined under the light microscope prior to ultrathin sectioning and electron microscopic investigation.
Glucose Tolerance Test
The test was performed with non-fasting animals 2 to 3 days prior to their sacrifice between 0900 and 1100 h. Each mouse received 0.014 mol glucose/kg body weight IP. Blood samples were drawn at 0, 30 and 60 min from the retro-orbital sinus. Blood glucose was determined by the GOD-period method (Boehringer, Mannheim, W.-Germany) in a Technicon Autoanalyzer.
Immunofluorescence Test
Sera were tested for the presence of islet cell antibodies on frozen cut sections of pancrea from NZB and BALB/c mice, following the method of Bottazzo et al. [7] . Islet cell surface antibodies were determined on isolated islet cells as described by Kromann et al. [8] . For positive control experiments an islet cell antiserum raised in rabbits was used.
Results
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Pancreatic sections from NZB, NZB x NZW, MRL, BXSB and BALB mice of various ages were screened for pathologial changes of the islets (Table 1) . Round cell infiltrates of the islets of Langerhans were recorded in the majority of NZB mice independent of age and sex. A lower incidence of insulitis was noted in MRL and NZB x NZW mice and almost no pathological changes could be found in BXSB mice (Table 1) . For comparison data of a normal strain (BALB/c) are included. BALB/c mice are of the same H-2 haplotype as NZB mice. Figure 1 shows the type of insulitis found predominantly in NZB x NZW, MRL and young NZB mice. In NZB mice clusters of mononuclear cells were found at the pole of islets adjacent to small ducts (Fig. 1 A) . Fibrosis was a prominent feature. A similar localization of infiltrating cells was found in NZB x NZW and MRL mice (Fig. 1 B, C) . Figure 2 demonstrates the type of insulitis found primarily in NZB mice over two months old (Table 1) . A large area of infiltration is seen in similar location to that described above.
The type of infiltrating cells was investigated in both types of insulitis by electron microscopy. The ultrastructure of the early type of insulitis (cf. Fig. 1 A-C) is shown in Fig. 3 . The majority of infiltrating cells were identified as lymphocytes and fibroblasts or fibrocytes. The destruction of islet cells in the area of infiltration was apparent (Fig. 3) .
The severe type of insulitis in older NZB mice is shown in Figure 4 . Infiltrates consisted predominantly of lymphocytes and macrophages. Most of the islet cells surrounding infiltrating cells are destroyed (Fig. 4) . In both young and old NZB mice single lymphocytes were also found outside the main infiltration area, invading the islet tissue (Fig. 5) . Only Bcells appeared to be destroyed by such lymphocytes. NZB, NZB x NZW and MRL mice were also investigated for infiltrates of other organs beside the pancreas. In animals of 10 weeks of age no infiltrates were observed in the lungs, liver, heart and kidney.
Sera of NZB mice were tested for autoantibodies against islet cells. We were not able to demonstrate any islet cell or islet cell surface antibodies in mice of up to 6 months of age.
Mice of the four autoimmune mouse strains and normal BALB/c mice were subjected to a glucose tolerance test. A comparison of 10 week old mice is shown in Figure 6 . The glucose tolerance of most NZB mice and of about 20-50% ofNZB x NZW and MRL mice appeared abnormal, compared to BALB/ c mice. BXSB mice also showed an abnormal glucose tolerance curve in that the average blood glucose concentration was higher at 60 rain than at 30 min after glucose injection. NZB and MRL had a higher initial (non-fasting) blood sugar than NZB x NZW, BXSB and BALB/c mice (Fig. 6) . 
Discussion
Four mouse strains with lupus-like syndromes were tested in the present study for spontaneous autoimmune reactions against pancreatic islet cells. In three strains (NZB, NZB • NZW, MRL) mice were found to have round cell infiltrates in their islets. As insulitis was most pronounced in NZB mice, their pancrea were chosen for ultrastructural analysis of islet histology. Two different types of insulitis were observed. In NZB mice of up to 2 months of age infiltrates consisted of lymphocytes, fibroblasts and fibrocytes. In older mice a second type of insulitis appeared, characterized by large areas of infiltrating lymphocytes and macrophages. In both young and adult NZB mice single lymphocytes were found outside the main infiltration area. Destruction of B-cells was observed. No significant difference was seen between NZB mice of different animal colonies.
It is of interest that in all strains with insulitis the majority of infiltrating cells were localized at the ductular pole of islets, often surrounding the ductus. We have found that after transfer of insulltis with immune cells into healthy recipients, infiltration of islets also started at the ductular pole of islets (Kiesel, Freytag, Kolb, unpublished observations).
The spontaneous occurrence of autoimmune aggression against islet cells in NZB mice was restricted to cellular immune reactions. No evidence for humoral autoimmunity was found.
The observation of insulitis in strains NZB, NZB • NZW and MRL correlated with an impaired metabolic response to exogenous glucose. Almost 100% of NZB mice and 20-50% of NZB • NZW and MRL mice showed an abnormal glucose tolerance and elevated non fasting blood sugar values when compared to normal BALB/c mice. In BXSB mice the shape of glucose tolerance curves appeared unusual in that 60 min glucose values were higher than 30 min values.
It is surprising to find pathological changes in the islets of 2 weeks old NZB mice, when, overt symptoms of the autoimmune disease are not observed before 2 to 3 months of age [9] . These findings indicate that infiltration of lymphocytes and fibroblasts into the islets with concomitant B-cell destruction occurs prior to the development of the lupus-like disease, with the exception of the occurrence of thymocytotoxic antibodies which have also been observed during the first month of life [10] .
Mouse strains with spontaneous insulitis have not been reported so far. Natural humoral autoimmunity against islet cells, however, has been recently observed in the strain B10.BR/Sg Sn (H-2 k) [8] . The presence of islet cell surface antibodies in these mice was not accompanied by pathological changes of the glucose tolerance test. Histological data on B10.BR mice were not reported.
We have presented evidence that spontaneous insulitis does occur in certain mouse strains. The relationship between lymphocytic infiltrations of the islet and the general lupus-like autoimmune disease in these strains remains unclear. Since one of the four spontaneously autoimmune strains did not show signs of pancreatic cellular autoimmunity, it may be concluded that differences exist with respect to the characteristics of immune dysfunction in the three strains. Thus, specific defects with respect to the maintenance of self tolerance towards pancreatic antigens may be assumed in NZB, NZB • NZW and MRL mice.
